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™ The prhmﬁ%>objective of this research effort was to
trace the evolution of a decision support system for a
fighter training unit scheduler. The purpoge of a Decision
Support System (DSS) is to assist the cognitive processes of
judgment and choice as performed by a squadron scheduler.

Thig DSS was built using the adaptive design process.
The adaptive design process includes development of a con-
cept map, analysia of tasks and data, and identification of
the kernel to select the central decision process. The de-
signers employ this central decision process to develop a
feature chart and storyboards, the starting point for the
DSS construction.

Ideally, the DSS begins with a gmall prototype that
decision makers use and evaluate. Builders then customize
and modify the DSS as a result of user feedback. This pro-
cess repeats, incorporating user needs and requirements.
Thus, the DSS improves with each successive iteration.

This particular DSS automates the squadron scheduling
decigsion process without interrupting the schedulers ability
to concentrate on the task at hand. This DSS interfaces
with an automated wing procedure. The procedure currently
used at Holloman AFB supplies each fighter gquadron with -
daily flying information on a computer disk. This DSS pro-

' cesses the data residing on the disk and automatically dis-
plays the scheduling framework, eliminating the need for '
grease boards. The DSS database tracks the availability of
personnel, thus replacing two more scheduling grease boards.
Elimination of the grease boards frees the scheduler from
the time-consuming process of manually updating them. As a
result' of this DSS more quality flying training will be
accomplished. \\T e ri
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Ahstract

The primary objective of thigs research effort was to
trace the evolution of a decigion support aystem for a
fighter training unit scheduler. The purpose of a Decision
Support System (DSS) is to aasist the cognitive processes of
Judgment and choice as performed by a squadron scheduler.

Fighter squadron daily scheduling is a complex and time
consuming task. Currently, squadron scheduling is accom-
plished using plexiglas grease boards and manual tracking
systems. It is a manpower intensive task requiring vast
amounts of crogs-referencing and a great deal of attention
to detail.

This DSS is built using the adaptive design process.
The adaptive design process includes development of a con-
cept map, analysis of tasks and data, and identification of
the kernel to select the central decision process. The de-
signers employ this central decision process to develop a
feature chart and storyboards, the starting point for the

DSS construction.
Ideally, the DSS begins with a small prototype that

decision makers use and evaluate. Builders then customize
and modify the DSS as a result of user feedback. This pro-
cess repeats, incorporating user needs and requirements.
Thus, the DSS improves with each successive iteration.

This particular DSS automates the squadron scheduling
decision process without interrupting the schedulers ability
to concentrate on the task at hand. This DSS interfaces
with an automated wing procedure. The procedure currently
used at Holloman AFB supplies each fighter squadron with
daily flying information on a computer disk. Thig DSS pro-
cesses the data residing on the disk and automatically dis-
plays the scheduling framework, eliminating the need for
grease boards. The DSS database tracks the availability of
personnel, thus replacing two more scheduling grease boards.
Elimination of the grease boards frees the scheduler from
the time-consuming process of manually updating them.

Elimination of the grease boards saves time, thus im-
proving scheduling efficiency. Currently, near the end of
the day the scheduler may not have time to correct last
minute changes to an already complex schedule. Lack of time
may result in disastrous consequences. Mistakes usually oc-
cur at this point, in which case crews may not fly missions.
This DSS minimizes the time necessary to update a compli-
cated schedule accurately, thus giving the scheduler more
time to assign individuals. As a result of this DSS, more
quality flying training will be accomplished.
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DESIGN EVOLUTION
OF A
R FIGHTER TRAINING SCHEDULING
4 DECISION SUPPORT SYSTEM

i
:‘. Ennhlgm_nsmimm‘

The squadron gscheduling job at the 434%™ and 435%»
training squadrons at Holloman AFB, New Mexico is a time
conasuming, hard, complicated, and thankless job. The sched-
ulers favorite saying is, “a perfect job merits no increase
é in punishment.® With two classes of about 25 - 30 students
‘ each, the schedulers work with a confusing maze of syllabus
" and squadron rules. The 435*" works with gseven different
‘E gyllabi; the 434%™ requires only four different syl{abi.

l Near the end of tﬂe day, when time iz a factor, small

Py changes result in catastrophes for the hext day'’'s schedule.
i The following five elementg are part bf the scheduling
problem:

Manual Scheduling.

Decontliction.

Lack of Alternatives.

Unaccomplished Prerequisites.
Mismatched Student/Instructor.

A AN~

*

o Manual Scheaduling. The first of these elements deals
;
¥

with the intensive manual tracking of all duties on several

grease boards. The scheduler writes the duties manually




onto the boards. Table 1.1 lista the grease boards a sgched-

R .

uler works with on a daily basis.

Y TABLE 1.1

I Duty Scheduler's Grease Boards

1. Today's Duty Schedule

2. Tomorrow’s Duty Schedule

»
(<)

Monthly Instructor Duties

- -
<37 -
-
PR

-»

Student Training Board

B

8. Decontfliction Board

6. Squadron Schedule Board

M -.2:'. o
T

o~ .:?‘."

o Today's Duty Schaduyle. The schedulers keep the

current day's flying schedule to note any deviations that
happen during the day. Due to late takeoffs, changed range
¢, timeg, or lack of fuel, the current day's schedule may

e change. Tomorrow’'s duty schedule takea into account any
discrepancies from the current day's schedule

Tomorrow'a Duty Schedule. The duty scheduler

o writes on a portable plexiglas board what each student and
instructor is doing the next day. Figure 1.1 depicts a typ-
ical daily duty schedule found on a squadron grease

L]
t: board (range and area times have been left out for clarity).
]
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-
N T/0 FCP BCP |T/0 FCP BCP 19 Sept
™, RCO Ltc Becker
) 0700} Smith Jones |1100| Smith Jones
o SOF Ltc Franzel
’g y Becker| Bohan y Becker| Bohan 0620-1200 |
o \
,ﬁ 0718| Dawson| Deaux [11185| Doelp Donald| DUTY HOG l
{
° Freil Fussel| ° Gable Gross 0830 Valusek
oft 0800 0'Connell
:ﬁ 0745| Huffor| Hunsuk}1145] Kline Kokal 1100 Trapp
ﬁ: 1500 Grechanik
‘v . Allard| Aller * Casey | Daniel
0800| Linnel| Marvin]1200| May McGraf| SIMS
N
'm . Miller| Minear| ° Miller| Minear| 0845 Frederick/
KX - Heart
W 0815 Hoser Adams |1215| Lutz Charpy| 11435 Faix/
A Valusek
. ° Briand| Schoek| ° Conors| Evert 1345 Shirasago/
@* Fella
b 1000| Laurel| Hardy .
" . . ACADEMICS
" - Big Little :
B - Class A
ot 1030| Larry | Moe 0700-1000
4 Rowell
% Harry Jack
. MEETINGS |
o 0900 Franke |
e Dentist
o 1200 Flight
' Commanders
1730 Aircrew
Meeting
o REMARKS Hoser F4 Dawson SA3 Briand F3
Smith B6 Becker B6 Huffor A2 Linnel A2
M Miller A4 Laurel F4¢ Big F3 Larry SA4
' Allard A2 Freil SA3 Smith  B7 Doelp I4
%, Gable SA4 Kline SA4 Casey SAS May A3
$: | Miller AS Lutz Il Conors I3
[

Figure 1.1. Duty Schedule

SR T T ART! ki H Y ~ i gy L
LR ]a" "A’ LY "“l‘ H“.‘i‘ 3 ."x'-‘l' AT L TOCFTL “I,:)I!“.'-..? AR LS



Monthly Instructor Duties. The scheduler writes

the instructor pilot monthly duties on another grease board.
Instructor Pilots (IPs) are those experienced pilots that
have at least 400 hours in fighter-type aircraft. An exam-
ple of his weekly duty might be Supervisor of Flying (SOF),
Range Control Officer (RCO), or Duty Scheduler (see Appendix
K). Each duty requires from half to a whole day's effort to
accomplish.

Student Training Board. Another plexiglas board

that requires intensive manual tracking is the student
training board. Students going through Lead-In Fighter
Training (LIFT) must complete 80 events during their 43
training days. The student training board tracks the com-
pletion or failure of student training events. With 30 stu-
dents in training, the scheduler manually tracks about 350
events each day on the board. Figure 1.2, depicting this
board; shows the students and the events they must accom-
plish. Upon event completion, the scheduler enters a date
in the appropriate square.

Deconfliction Baard. The scheduler enters the

event and time onto the deconfliction board when he sched-
ules any personnel. The scheduler references the deconflic-
tion board to see if he scheduled more than one event at the

same time. This board ensures that the squadron schedule

doesz not contain any conflicts.
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Squadron Scheduling Board. The squadron schedul-
ing board is a large plexiglas board displaying both today's

and tomorrow’s schedules. This board shows the complete

schedule for all gsquadron personnel. It incorporates all

&
-

the meetings and appointments for everyone.

The day prior, the scheduler must know anything that

- o Ve

will keep one of the agsigned squadron personnel from par-

e

PR g

' ticipating in the next day's activities. The acheduler man-

ually tracks special notes on small cards. If a student or

R IP cannot fly for medical reasons (e.g., a cold or flu) he
U

%: is put into Duty Not Involving Flying (DNIF) status. The

%‘ scheduler doeg not consider DNIF personnel for the next

§; ~ day’'s flying schedule. For example, an IP with a future

b , dental appointment writos>thc date on a small card and givés
e it to the scheduler..‘

g Manual tracking of all the above procedures can result
o

i in inaccuracies. A typical day'sz manual tracking procedure
&; follows. Upon completion of the day’'s flying, the duty

% scheduler writes the events on the student training board.

' An event is an occurrence of an aircraft ride or other

§ required procedure for an individual. Instructor pilots

g that accomplish SOF or RCO are also annotated. Throughout
v the day, the duty scheduler works the next day’'s schedule as
% if all of the current day's events were accomplished. Once
ﬁ the next day's schedule is complete, administrative person-

— nel copy it to the squadron scheduling board for all of the

Py et VS T T T P A P ey V.
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s: squadron personnel to check. Since the scheduler manually
.g updates each board daily, there is a chance for error.

li Deconfliction. The duty scheduler maintains a decon-
S‘ fliction board to prevent scheduling two events at the same
)

? time for a single individual. During the day the duty

" scheduler continually updates the deconfliction board. 1In

;* A theory, the board should provide deconfliction for everyone.

3 Yet, near the end of the day, when the scheduler makes last-
" minute changes to an already complex and interwoven gched-
% ule, he can easily make mistakes. Many IP’'s are already

a gscheduled for two daily events and any change to their

% schedule often goes unnoticed until it is too late.

g, Lack of Alternativez. Many times the duty scheduler

i has woven a tight knit schedule that comes unraveled at the
;. last minute due to a “ripple effect® through his schedule.
§ Lagt minute changes to the gschedule require the duty sched-

3; uler to look for alternative IPs or students to fill slots.
# By 1300-1500 hours each day the duty gcheduler has matched
? ingtructors and students with takeoff times. The schedule

§ for the next day must change if a failed ride occurs or an
e unknown meeting arisesg after 1500. The scheduler consults
: several boards to make a change to thig intricate schedule.
“y
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The scheduler must rapidly evaluate:

Which students are available and at what time?
Which instructors?

If the duty scheduler changes the event time of
one person, doeg it affect an earlier event?
Changes may violate crew regt rules and thus
affect flight safety.

Unaccomplished Prerequisiteg. A student must accom-
plish about 80 different events in the proper order during

w Gl N —

his stay at Holloman. For example, to'fly hig firast ride a
student must accomplish sgix hours of life support training,
one hour of squadron briefing, and one hour of simulator
training. 1If the scheduler puta a student in his first
flight without having accomplished these specific events, he
is unprepared to fly and may endanger his life. Therefore,
to ensure that the students do their prerequisites before
the flight, the scheduling shob tracks the evenﬁs on another
large plexiglas board (Figure 1.3). This tracking requires
daily intensive manual effort so no one flies without com-
pleting their prerequisites.

Mismatched Student/Instructor. Schedulers must prop-

erly match students and instructors before flying together.
Squadron gupervisors gcreen the students upon arriving at
Holloman to determine if they have any special instructional

needs. An example would be if a student had spent one-and-

a-half years at AFIT, then four years at the Pentagon in

.?g Studies and Analysis. Because of his extended absence from
?kﬁ flying, the student would assume "red dot" status and could
‘$f : fly only with red dot instructors.
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The operations officer selects experienced instructors to be
red dot instructors. They usually have had at least one year
of flying with students. If the scheduler allows a red dot
student to fly with a non-red dot instructor pilot, he com-
promises flight safety and a dangerous gituation results.
The problem pregsented in this chapter provided a
reference point for the research. To explore avenues and
approaches to the problem, it was necessary to perform a
literature search. This search reviewed some past ap-

proachesa, efforta, or solutions to the gscheduling problem.

Literature Review

The discussion presents previous research efforts in
the area of scheduling in four parts. The first part deals
with a general review of the various types of gcheduling
problems and solution techniques. The next portion deals
with the network approach to solving scheduling problems.
The third part overviews the use of simulation as a schedul-
ing tool. The final part looks at the decision support sys-
tem (DSS) approach.

Scheduling BRasxearch. A general review of the various

types of scheduling problems and solution techniques yielded
the following problems: Job shop scheduling, maintenance

scheduling, and cyclical scheduling.

Job Shop Scheduling. Job shop problems scheduled

items moving through a shop. The purpose was to schedule

10
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each job in a specific order at the proper time or in a ran-
dom order (depending on the job shop). Each item may have
required a vigit to each machine a certain number of times,
or it may only have visited some subget of the machines in
the gshop. Moreover, there may have been geveral types of
jobs which required different subsets of machines or differ-
ent types of flow patterns. Solutions to job shop problems
usually used integer linear programming (ILP) or heuristic
techniques. Often, these solutions were developed for spe-
cific problems rather than providing a general sgolution for
all job shop problems. The literature in this area dealt
with finding algorithms or exploring how to solve the same
problem uging different solutions.

Hogios used a heuristic algorithm that scheduled a min-
imum number of personnel for completion of a set of activi-
ties every scheduling period (6:749). The activities
occurred at various times and locations. The algorithm
agssumed that the personnel can complete the activities in
any order.

Student gcheduling at Holloman requires the completion
of a get of activities every scheduling period. However,
the order of completion is important and adds to the student
gscheduling problem. Although Hosios does not consider com-
pletion order in his article, all personnel complete all
activities. This is gsimilar to the student gcheduling

problem.
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o Maintenance Scheduling. Problems in this area

%%f dealt with repair crew asgsignment, optimal maintenance

& facility flow, or manpower requirements (13:333-340;

K s 23:2770-2775). The objective of maintenance scheduling was
%3? to minimize cost by either reducing manpower requirements or
ﬁﬁ’ reducing repair costa. Thig minimization required an opti-
f%é mal allocation of repair crews and money to the equipment
ﬁﬁg being maintained.

o Both maintenance and student scheduling required the
éﬁ agsgignment of sgcarce resgources. Both types of scheduling
?&ﬂ must congider a structured schedule of events (e.g., tech-
?;i; orders for maintenance and syllabi for student scheduling).
;gg In addition, both_techniques dealt with manning require-

2:£ mentg. The drawback of maintenance scheduling was that it
gg was not flexible enough to deal with the constant changes in
&gg the training arena.

mﬁ Cyclical Scheduling. This involved the scheduling
fgg of people for gshift work or a schedule of on- and off-days,
1f§ such ag nurse scheduling. Warner developed a nursing sched-
?hf ule that congidered weekdays off, work stretches (consec-
fﬁ@ utive work days), single days offl and undesgirable work pat-
;ﬁg terng (back-to-back shifta). Integer linear programming and
4£§ heurigtics were the main techniques used ﬁo 3olve the;e

ﬁt types of problems.

g% However, cyclical scheduling fell short of providing

all the answers for the student scheduling problem in two

;”,f‘-“g 12
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E&a areas. First, users must schedule more than one type of

‘éh activity for students. The Holloman schedule includes

%ﬁ classroom lecture, simulator training, and flying sorties.
E?? Second, cyclical scheduling literature does not consider

:%é leave, DNIF, TDY, and other disruptions. Therefore, cycli-
:ﬁﬁ c§1 scheduling will not be used (3:1-16).

ég Goal Programming. Arthur and Ravindran proposed a
%&' goal programming approach to the nurse scheduling problem
ﬁ@ (2:535-60). Goal programming incorporated several goals into
_%g the objective function, seeking to simultaneously optimize
S$& all the goals. This optimization technique provided an

;; added degree of flexibility to the scheduling program in

jzg that it would substitute different goals into the program 1!7
desired.

iﬁq Warner's use of a set of weighted criteria was very

ﬁg similar to goal programming. Multi-criteria decision theory
“JJ (MCDT) used a set of weighted measures of effectiveness

ja (22:842-856) .

A

3@ NMetwork Approach. Roege used integer programming,

%ﬁ; based on branch and bound techniques, to solve pilot

Qg schodullné in a fighter squadron (16:30). Roege used TAC
ﬁgz Manual 51-50 training requirement minimums as lower bound
Y constraints. The model developed considers crew rest

‘ﬁﬁ restrictions and absences from duty. His model ensured that ‘
:ﬁ% each pilot received at least a minimum and no more than a
ﬁg, maximum number of flights per week.
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The main drawback of Roege is that he considered only
experienced pilots (there is no student training or instruc-
tor/student matching). 1In addition, he did not congider any
extra duties such as SOF, RCO, or Duty Officer (see Appendix
K). Roege did start his formulation with a "shell.” A
shell is a listing of takeoff times, number and type of sor-
ties, and configuration of the aircraft. The ?hell ig a
very important starting point for the student scheduling
problem at Holloman AFB.

Simulation Approach. Berg used simulation to assist

the scheduling of migasile crews (3). Berg took gseveral user
input factors and automated them to produce a schedules.
Missile crews flowed through a network that completed events
at specified times. MCDT techniques and Regponse Surfaco.
Mothodplogy provided a worth assessment of each sgschedule.

Berg’'s idea of assisting the scheduler is important in
the student scheduling problem at Holloman. However, he
8till proceeded with the °“push-button approach® to gchedul-
ing. That is, the machine or algorithm scheduled for the
uger at the push of a button. This concept made it inappro-
priate for the student ascheduling problem at Holloman.'
Schedulers must know the reasoning behind the decision pnro-
cess. In addition, scheduler interaction is essential to
have a f{lexible and robust scheduling system.

Holloman's Efforts. Capt Votipka used LOTUS 1-2-3

14
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on a Z-100 computer in an attempt to schedule students and
instructora. He scheduled students and instructors on a

I time line type screen display. Capt Votipka attempted this
at Holloman AFB, New Mexico at the 479%» Tactical Training

Wing. His attempt found limited success for the following

: reasons:
. 1. The computer screen could not show all flights on
. one screen.
’ 2. The refregh rate of the screen was too slow for
the ugers.
3. The computers were unfamiliar and hard to use for

the untrained user.

Decizion Support Systemx

The above techniques did not specifically concern them-
s selves with the decigsion maker and the information required

to make effective decigions. Gonin and Moffett 'argﬁe that

-
-

complex decigion making requires human interaction with

-
-‘.

graphical displays that are in the spirit of the Decision
X5 Support approach (10:9).° According to Maj. Valusek, a DSS
R is a system, manual or automated, that assists the cognitive

procesgaeg of judgment and choice (20).

A DSS would allow the scheduler to recall needed infor-

mation from the database, consider the data presented, make

- v -

a decision, and input the decigion into the schedule. He
updates the schedule to determine the effect of the deci-

sion. 1In this way users build schedules that reflect the

- an e G

decigsion maker's desires in an efficient manner.
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:? Attempts to solve the student scheduling problem with
w
3;( the push of a button would be distrusted. Even if a com-
o puter algorithm solved the problem inastantly, the unit
IR0

ot
&ﬂ commander would be wary of a solution with no human in the
4 .'!
A

ﬁg decigion loop. Humans solve the problem quite well every
s day by heuristic decision processes. A DSS assists in the
3 *,ir;-

{ﬁj decigsion process rather than making decisions.

o

Tt

o™
f“‘v'l

$y
Eﬁg Adaptive design is an approach to problem solving for
Bty

A gsemi-structured and unstructured problems (gtructure is the
;%f amount of definition a problem has). A small “kernel sys-
:ltg )

%m: tem” grows or changes as requirements are added or modified.
;iy‘l:

o A kernel system is that part of a complete decision process
oL

:ﬁﬁ considered to be the egssential core of that process.
5‘)-’;:;
2$$ This amall kernel provides the starting point about

()
!\.&t{.

3 which the system will grow. The system will expand around
LR
{%ﬁ uger needs and requirements. As user needs change, the sys-
;.'Qi“
ﬁﬁ tem adapts to these new requirements. This adaptive ability
N ,"';‘ .

-t ia an advantage over the complete system approach. Steps in
eyt
{%% the adaptive design process are:
8
.;" %
et 1. Select the Right Problem
et 2. ldentify key kernel

i 3. Iterative Design
ﬁﬁl 4. Implementation

OGS

The complete system approach “freezes” user require-

ments before the start of construction. Because a "complete
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system® takes so long to develop, user needs change. If
these needs have changed, the system, when fielded, no
longer reflects current user requirements. In addition, the
user’s perceptions or environment may change. The chance
that these views match the “complete system”™ characteristics
is remote. Therefore, the complete system method isg inade-
quate for a dynamic, flexible problem such as scheduling.

Student scheduling at Holloman is =2till a time consum-
ing, complex task. Schedulers routinely make mistakes which
may affect flight safety. This is normally the result of
either scheduling someone for two different events at the
same time or viblating one of the many rules that exist. An
example might be, in the former case, scheduling students
simul taneously for class and a simulator training ride.
Another example iz scheduling a student to fly the night
before an early morning flight, as in the latter case. Not
only does this affect flying safety, it is a large price for
the duty scheduler, his commander, and the squadron to pay
for many hours of careful scheduling should an accident
occur.

The problems of manual tracking, deconfliction, unac-

complished prerequisites, mismatched instructor/student

crews, and insufficient alternatives make it a hard, but

%{ possible, task to computerize. However, allowing the

ﬁ% squadron itself to create a scheduling program that it can
i use and svgolve is a new approach. With the introduction of
e

o
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powerful Zenith model 248 (Z-248) microcomputers available
at the unit level (8), each squadron wil] be able to adapt a
kernel scheduling system to meet its own needs. Of course,
this project needs technical expertise. The wing must be
able to provide support to change and adapt the program as
new requirements or problems arise. Squadron and wing
scheduling at Holloman should work closely to further the

computerization of their scheduling system.

Regearch Problem

Schedulers currently have no means to adequately and
quickly manipulate a vast database to produce an accurate
and timely student flying training schedule. Although
scheduling rules and restrictiona are quite clear, time con-
straints introduce problems. The scheduler must precisely

and quickly interpret a large amount of information.

Besearch Obiective

The research objective was to trace and document the
evolutionary design process of a DSS that assists in
scheduling daily student flying training. The effort used
appropriate software on a Z-248 microprocessor in the 434"
Flying Training Squadron at Holloman AFB. 1In addition, this
effort showed how end users can use off-the-shelf software

on Z~248's to build their own decision aids.

18




1. Document the adaptive design process of the DSS.
a 2. Use a kernel identification process to identify
N and test the core of the decision process.

o8 3. Create a picture of what the program should look
e like before development (°"Storyboard”).
wid 4. Maintain a future goals section that are not

currently attainable (°Hookbook®).

] Scope, Limitations, and Aasumptions

This thesis focused at the unit level duty scheduler at

) Holloman AFB in the 434%™ and 433%3%» Squadrong. The authors
f; designed the program specifically for the Z-248 microproces-
:k_ sor. The scheduling system did not make any decisions for
;; the gcheduler, but assisted him and supported decisionsg he
%, - made. Emphasis of this research focused on the evolutionary
;% degsign approach to build.thc DSS kernel.

4

%3 Chapter II deals with the approach selected. Chapter
ﬂt II also covers the reasons for DSS use and software selec-
:$ tion. Chapter III shows how the techniques described in

ig Chapter Il apply to a specific DSS. Chapter 1V describes

K the resulting system and how it varied from the planned sys-
%f tem. Chapter V addresses conclusions and recommendations of
f& , the scheduling system and the adaptive design process in

2. general.
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II. Problem Approach

Initial Conception
The initial idea was to build a scheduling tool to as-

sist the squadron scheduling for the training squadrons at

Holloman AFB, New Mexico. The idea seemed appealing for the

following reasons:

1.

2.

Previous Scheduling Experience;

Microcomputers were in all of the squadrons;

The problem seemed like it should be solvable;
Operations Research "optimizes®, so Operations
Regearch should be able to help in the gcheduling

area,

All TAC squadrons schedule essentially the same
way (man-hour intensive process);

The topic was unclasgsgified; and

There is nothing currently in the field to help
at the squadron level.

Approach Selection

After investigating approaches, there were two strong

candidates, expert systema (ES) and DSS (14;20). Turban and

Watkins compared ES .and DSSs in their article. Table 2.1

highlightas the differences between ES and DSS.
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R TABLE 2.1

2
L The Differences Between ES and DSS

i

& DSss ES

K Objective Asgist human Replicate (mimic) human
oy and replace him/her
Yy Who makes

b, the decision? The human The system

r Major

W orientation Decigion making Transfer of expertise
' (human-machine-human)
P Query

b direction Human queries Machine queries the

s the machine human

W

i Clients Individual and/or Individual uger

i group user

a Manipulation Numerical Symbolics

" Problem Area Complex, = - Narrow domain
' : integrated, wide

Database Factual knowledge Procedural and factual
knowledge

ki
(19:141)

-

The authors gselected DSS because it offered an approach

'
-

- s

to complex, integrated problems. Machines assgigt, but do

’,
-ar -

not replace, the decision maker. ES, on the other hand,

o suggested rather than supported deciasions. "ES typically

, involves a closed-world assumption, that is, the problem

o domain i8 circumscribed, and the system performance is con-
) fined within those boundaries® (9). In DSS contextsg, the

' world was open. A DSS must be flexible and adaptive to meet
" the changing conditiona in the environment and the evolving

needs of the user (18).
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G

b Data Collection

e

W

o

) A TDY to Holloman AFB, New Mexico (23-26 Aug 86)

]

f revealed that the scheduling problem still existed. Inter-
KX

ﬁ views with several wing and squadron schedulers revealed the
' scheduling problems shown in Table 2.2.

¥

)

N " TABLE 2.2

KN '

! Scheduling Problems at Holloman AFB

ot

)

N 1. Undocumented DNIF, Leave and TDY

y

- 2. Lagt-minute changes wrought havoc

"

. 3. All tlights not shown on one screen

f, 4. Deconfliction of schedule often inaccurate

« 5. No sorting or prioritization capability

KX 6. Intense manual tracking was time consuming

% and often produced errors

q

:

K\ The 479%™ wanted the project automated to correct the
»

)

x above problems. In fact, the 479*® wing scheduling had

: already automated their portion of the daily flying sched-
;30

ﬁ ule. The 479 wing scheduling sendas the daily sortie in-
Y

ﬁ formation, generated by a computer program, to the squadrons
h on a floppy disk. Table 2.3 shows an actual copy of a file
4

: used on 3 March 1987 to give sortie information to the 434°%h
) TFTS.
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Ko
ek TABLE 2.3
e:!:i
K 479°™ Wing Scheduling File

.0
X
::s;:‘ Land time —_— (minutes past Area time
N Takeoff time midnight) n type
e Unused — ‘ ‘ onfig
. Line # Area
R | o hoh

Yol 401 510 610 520 550 SA B-1 0SC

'éa 402 O 510 610 1 6520 6550 SA B-1 OSC

N 403 0 510 610 1 520 550 SA B-1 OSC

Lo 404 O 8510 610 1 520 550 SA B-1 OSC

wy 408 0 555 65% 1 565 605 B E-1 BK-C

SQ 406 O 555 655 1 665 605 B E-1 BK-C

Qﬁ 407 O 570 670 1 580 610 SA B-1 OSC

:w? 408 O 870 670 1 580 610 SA B-1 OSC

:Q?; 409 O 58570 670 1 580 610 SA B-1 0OSC

- 410 O 570 670 1 580 610 SA B-1 0OSC

5{ 411 O @690 790 1 700 730 SA B-1 0OSC
g¢$ 412 O 690 790 1 700 730 SA B-1 0OSC
;'?: 413 0 690 790 1 700 730 SA B-1 OSC

338 414 O 690 790 1 700 730 SA B-1 0OSC

ol 415 0 735 835 1. 745 1785 B E-1 BK-B

416 O 735 835 1. 745 785 B E-1 BK-B

?11 417 O 1750 850 1 760 790 SA B-1 0OSC
ﬁ 418 0 750 850 1 760 790 SA B-1 0OSC
Qﬁ 419 0 750 850 . 760 790 SA B-1 OSC

&Q 420 0 750 850 1 760 790 SA B-1 0OSC

Wy 421 O 870 970 1 880 920 F E-1 BK-B/BK-C
) 422 O 870 970 1 880 920 F E-1 BK-B/BK-C
AQ; 423 0 870 970 1 880 920 F E-1 BK-B/BK-C
] 424 0 870 970 1 880 920 F E-1 BK-B/BK-C
1 42% O 915 1015 1 925 965 B E-1 BK-C

;é: 426 0 915 1015 1 925 965 B E-1 BK-C

W 427 0 930 1030 1 940 980 F E-1 TL-E/TL-W
L 428 0 930 1030 1 940 980 F E-1 TL-E/TL-W
Sk 429 O 930 1030 1 940 980 F E-1 TL-E/TL-W
0 430 0 930 1030 1 940 980 F E-1 TL-E/TL-W
A ) ]

‘oo The 479%*® wing computer manager, Capt Votipka, men-
_' tioned that the wing had ordered gix 2-248's, two for wing
ot

I,E and one for each squadron. Capt Votipka also mentioned
(SN
Lon ENABLE, an integrated software package, came with the 2-
S ,

fii 248's (21).
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& Nethodatogy

J The method used to solve this particular problem stems
_gg from an evolutionary design process and its application to a
%ﬁ DSS capable of assisting unit schedulers at Holloman AFB.

" The entire scheduling procesas must satisfy user needa when
§§ builders construct the DSS. The authors used four essential
§$ stepg to construct this system and achieve the objectives.
ot The first step involved documenting the daily decision
éa process schedulers use to generate a workable schedule.

3? This task involved building a conceptual map, or network, of
AN .

;‘ the scheduling process followed by a task and data analysis.
;53 These analyses trace the flow of information used in build-
é}$ : ing the daily flying liastas. Once builders understand this

; network, it is necessary to organize it in as simple a way
%§ as possible.

2&? The next step involves storyboarding, or designing ini-
&i, tial computer sScreen representationa of the decision process
i$ (1). The scheduler should have all of the information

éﬁ needed to construct the daily flight agenda. On the other
‘ﬁk hand, this screen format must present enough of the °“big
:%E picture’ of the next day's tasks to minimize errors and
§§¢ oversights.

;&5 The third step is to encode a kernel program, using

?6 acceptable software, which will implement the storyboard
}3 output and provide as much assistance to the scheduler as
) needed. The software muast support the storyboarded format.
i
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In addition, it must be powerful enough to sujport changes
or modifications as user requirements evolve.

Finally, once the builders construct the kernel,
assessment by the users at Holloman is necessary to obtain
feedback needed for DSS evolution. This will entail actual
"handg-on’ operation of the prcgram to stimulate user com-
ments and critiques of the ability of the DSS to aid sched-
uling. Taking the feedback into account, further modifica-
tion or adaptation of the scheduling DSS may take place. In
this way, builders may track succeggive generations of the

system to trace the design evolution of a DSS.

Problem Definition

Problem definition is perhaps the most difficult part
of buiiding a DSS. The unstructured nature of a DSS problem
complicates matters because the true problem may lie beneath
layers of information or heuristic processes. Keeping this
in mind, the two steps to follow in defining the problem are
recognition and identification.

The first atep, problem recognition, is the easiest of
the two steps. When procedures or taska within an organiza-
tion do not run smoothly, it is easy to recognize that some
problem exiasts. If thia difficulty surfaced recently, com-
parison with past events or procedureg provides the refer-
ence with which to compare the problem’s nature and extent.

On the other hand, if the organization is looking to improve
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?$ (i.e., trying to discover any problems) or streamline their
‘ﬁf operation, the problem may not immediately expose'itself.

é, At this point, knowledge of the specific organizational pro-
é cedures is necessary to understand the scope of the problem.
3‘ It may be helpful to interview the novice employee first, as
g‘ he does not have the expertise required to overcome or cir-
;g cumvent daily operational hurdles. Problems, in his eyes,
EE are magnified and easily recognized. The interviewer must
%v exercise caution, however, because the novice often has lit-
é: tle experience with his environment (the way his work inter-
W acts with the organization). As such, his perception may

Zf exaggerate the problem or prove inconsequential to the deci-
;; gion process. Collaborapipn,with the expertas, then, should
'*- reveal whether the problem is valid. Chapter III covers

é' problem recognition for the specific scheduling DSS. Once
ﬁ‘ the interviewer is certain a problem or area of improvement
b' exists, the next step is to find out just what that problem
ﬁ: isg.

o

#; Problem identification normally requires the aid of the
&j problem system experts due to the complex nature of an orga-
%L nization's specific decision requirements. These experts

} are necessgsary to interpret the problem fuily and understand
:3 it's impact on both the decision and the environment.

‘? Through succegsive interviews and gqueries with these

7& experts, the DSS builder gains insight about the problem

f_ facing the decision maker.
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r’ For this specific DSS, the builders are the scheduling

experts. Each author is experienced in fighter training

g squadron scheduling. Therefore, the authors drew upon their
K

A}

é experience for problem identification. The next step in

N

£ problem identification is the concept map.

v

B

0 ~

X Concept Map Development

Conceptual mapping outlines each portion of the

W decigion process using words or concepts and linking words
R or phrases in a hierarchical depiction (12:3). Conceptual

! mapping captures the components of the decision-maker's pro-
N cess and provides a rough definition. Figure 2.1 graphi-

d cally depicts the general method of developing a conceptual

map. Chapter III describes the DSS developed for

i

! scheduling.

%? . Firat-cut of the Decigion Procesas. This process starts
: by independently interviewing each user to establish a com-
§ mon reference to the decision process. The interview

§ focuses upon the general decigion process, trying to iden-

: tify clearly the methods each expert employs. This first-
k cut of the problem concentrates upon general topics for both
E§ simplicity and understanding. The users complete what they
:_ think to be the decision process using only word phrases and
:: linking words. Once the interviewer annotates all of the

% decisions, the next step is to note the important ones.
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i
%g CONCEPT MAP FORMULATION
e
R

J
5ﬁ Figure 2.1. The Method of Developing a Conceptual Map
o

Wy
%Q Liat Main Decisiona. The users geparate the main deci-
'!"'

sions from the first-cut list of all the decisiona. The

BV
Qa' lists from each user are eggsentially the same as the first-
AR
LYW
ﬁk cut lists but divided into main topics (decisionsg). Once
AN

L
— the interviewer categorizes the decisions, the next step is
Ay,
ﬂ$ to order the decisions.
",
}&: Order Decisions. From these lists, the experts rank

" the concepts in a time-ordered manner (i.e., assign a number
v‘!'i:
o
1“:'0
0
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to those concepts which must be performed in a certain
order). The interviewer combines all the expert’'s decisions

at this point.

Rough Concepit Map. From all of the ordered lists, the

interviewer consolidates the expert’s individual lists into
one network (Chapter III explains the actual networks).

From these initial concept maps, a rough idea of the deci-
gsion process structure emerges. An analysis of all the maps
together provides a basic idea of the true decision process.

Second-cut of Decision Process. Prior to this point,

the interviews were independent to reduce possible bias.
Now the users meet as a group to critique the rough concept
map. From this network, the users dissect each concept to
arrive at an understandable decigion process. More inter-
views with personnel of varying experience levels provide

different regults.

Concept Map Formulation. From the analysis done previ-

ously, the concept map reduces to major ideas. From this
gimplified concept map, the interviewer may identify the

kernel (s). Later sections expand upon this concept.

Tazk Analyaias

s The task analysis represents the detailed steps needed

iy

.ﬁﬂ to accomplish the decision. Patterned after the concept

5'_ \)

A

Aﬁﬁ map, this analysis takes the form of a network and includes

each task the scheduler (in this case) must perform and the

X |
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order he performs them in. This network, once completed,
allows identification of the kernel as well as pinpoints
possible bottlenecks within the system. Through experience,
testing, and monitoring, the interviewer uses these choke-
points to find the shortest path through the system. Once
the process finda the path, the builders may create proce-

dures to assist the DM.

Data Analysais

A further test of the task analysgis validity is the
data analysis. This procedure traces actual data throughout
the task analysis to ensure compliance with the decision
process. This procedure also helps map the data flow to
ease construction of databases used in the DSS. Appendix D
containg the database relations discovered by the tracing

procedure.

Feature Chart Definjition

With the task and data analyses completed, the next
step in the system development wag to construct the feature
chart (17). This chart is a representation which encom-
passes the tasks and the features necessary to accomplish
that task. The DSS should be able to assist users with var-
ied experience and individual techniques, yet not be cumber-

some to interpret or manipulate. At the same time the DSS

30




N must be powerful enough to support any decigsion sequences
the user may require. The latter requisite may be accom-

% plished using an iterative approach over a period of time

with the user employing the DSS and relying on the structure

g of the kernel to assist him. As such, this feature chart

concerns the development of the screen output format based

on the decision process and task/data analyses identified in

e
- .

P

the previous gection.

The builders employ the Representation, Operations,

i
b

3 Memory aids, and Control mechaniams (ROMC) user-builder

! interface technique (18:101-106) to develop the feature

;_ chart. Each of these tools enables the designer to trans-

3, late user requirements into DSS components. This permits

!f the translation of the user’s needg to the builder’'s design
é requirements. ‘Consideration of these aspects help build a

% gingle effective output screen in the storyboard.

k Representation, the first tool, depicta the actual

$ screen presentation needed by the ugser. This data represen-

tation must satisfy the user’'s needa in a clear and concise

- -

manner. The order of the representations must be logical,

Pl o)

conforming to the user's decision or thought process

- o
-

sequence. This is especially important because the DSS

Ao

should not distract the user as he thinks, rather it should
L ease his decisions by presenting him the next piece of
' information when needed. Should the user require closer

look at a particular piece of data or focus on a portion of
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§ the screen , manipulation of the representation may be
necessary.

v The second tool, operations, enable the user to manipu-

late the representations on the screen to suit his individ-

k ual technique. This may take the form of actual data manip-

B ulation (e.g., sorting), scale change (e.g., viewing a

el larger or smaller portion of the screen), or adding/deleting

various amounts of data for clarity or interpretation. The

ugser must easily accomplish these operations at his conve-

» nience without interrupting his thought process.

The next tool used in constructing the feature chart is

K memory aids. These helpful reminders guide the user through

-

e his decision process with the use of icons, windows, high-
lighted (colored) information, or various flags. All these

methods gerve to trigger or jog the user’s memory, remindiné

- e N

or warning him of certain decisionasa.

Finally, control mechanisms are interwoven throughout
I the entire gsystem, allowing any user to skip tedious or
familiar processes. Theae mechanisms support the user's
decision process, allowing ease of movement to any part of
the aystem. Control mechanisms may take the form of

selectable menus or predefined function keys.

O T T

Chapter III shows how the technigques described in this

chapter were used to develop a scheduling DSS.

PR RN X N
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III. Specific DSS Development

.& The specific syatem development takes the problem
) described in Chapter I and uses the framework outlined in
e Chapter II to determine the key kernel. Figure 3.1 depicts

;ﬁh the steps necesgsary to implement the key kernel. To ensure

Wt Problem Definition

« ' Concept Map

3%
0% |
.S

i Task Feature
Analysis Chart

]

&"L:

g2

Data
Analysis Initial
Storyboard

22\
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-ao
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-
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i .
P

1

> ar

Kernel
Identification Evaluation

aC

U XX X
-y
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-
‘.
%o

-

i

Kernel
,“ Evaluation p = = = = = — Kernel
Implementation

o (12:5)

Figure 3.1. Deciaion Support System Development Steps
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the DSS provides the correct information, the builders use
the steps described above. The process starts with the

concept map development.

Concept Map

Conceptual mapping, as applied to this specific DSS,
deals with the gscheduler’'s decision procedure. It is the
relationship (18:225-226) between the scheduler and the
schedule he produces - a road map from blank paper to com-
pleted schedule. It outlines the scheduling decisgsion pro-
cess ugsing words or concepts and linking words or phrases in
a hierarchical depiction (12:3).

To construct the concept map, the builder must first
understand the nature of the decision process. System
experts provide the best source of iﬁformation about an
organization's specific processes. Since the buildersg for
this specific scheduling DSS were also the experts, they
already knew what was important. Thus, this characteristic
is important to end-user application. Figure 3.2 depicts
the initial decision process the authors envisioned. Capt
Michael McFarren, conducting graduate research in the field
of concept mapping and cognitive development, guided the
authors through the mapping and analysia portions of the

system development via a series of interviews,.
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Figure 3.2. Scheduler'’'s Decision Process

'$% Firat-cut of the Decisgion Procesg. This procesas

R started by independently interviewing each author to eatab-
f ligh a common reference to scheduling. Both authors com-
pleted what they thought to be the daily scheduling process

using word phrases and linking words (Table 3.1).
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TABLE. 3.1

First Cut Conceptual Map Word Phrases

VEWET N TTETITOETEE My ™ rfrfuarrits T rfyar s MmEryrrsT ey T ST Esmr " vemwmrwewww ww

Check yesterday's schedule for deviations.
Gather tomorrow’s DNIF inputs.
Gather tomorrow's academic inputs.
Gather tomorrow’'s TDY inputs.
Gather tomorrow's leave inputs.
Gather tomorrow's gimulator inputs.
Gather tomorrow’'s appointment inputsg.
Gather tomorrow’'s hard line inputs.
Gather tomorrow’s duty inputs.
10. Fill Shell flights with students.
11. Fill Shell flights with matched instructors.
"12. Fill Shell academic classes with students.
13. Fill Shell additional duties.
14. Fill Shell appointments.
15. Fill Shell meetings.
16. Deconflict throughout.

OCO®IDUd OGN -

Appendix B contains the actual lists. Once the scheduling

decisions were annotated, the next step was to annotate the

important ones.

Liat Main Decisiong. The authorg, under Capt

McFarren's supervision, separated the main decisions from
the first-cut ligt of all the scheduling decisions. The
liats from each author were essentially the same as the
first-cut lists (see Appendix é), but divided into main
topic areas. Table 3.2 summarizes the main tasks and deci-

sion areas found in both author’'s lists.
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ﬁg TABLE 3.2

A "

&ﬂ. Main Tasks/Decisgsions from Firgt-cut Word Phrases
| R

)

fﬁh 1. Check yesterday’'s schedule for deviations.

RN 2. Gather tomorrow’'s inputs - determine priority.

a. DNIF e. Simulator

?3] b. Acadenic f. Appointments

For, c. TDY g. Hard Lines

'.& d. Leave h. Additional Duties

P 3. Fill Shell flights with students.

-t 4. Fill Shell flights with matched instructors.
_ 5. Fill Shell academic clagsses with students.

R 8. Fill Shell additional duties.

MM 7. Fill Shell appointments.

*& 8. Fill Shell meetings.

Vi 9. Deconflict throughout.

St

-7

23

A

o

1J§ Order Decigions. From the above lists, Capt McFarren

- instructed the authors to rank the concepts in a time

,33

R 3 TABLE 3.3

Bt |

R Ordered List of Main Decisions

A

L) }.

::%

4?? 1. Check yesterday’'s schedule for deviations.

ek 2. Gather tomorrow's inputs - determine priority.
.. a. DNIF e. Simulator

s b. Academic f. Appointments

;jﬁ c. TDY g. Hard Lines
; d. Leave h. Additional Duties

0y 3. Fill Shell academic classes with students.

> 4. Fill Shell additional duties.

“gr 8. Fill Shell flights with students.
2 6. Fill Shell flights with matched instructors.
;Q 7. Fill Shell appointments.

r%} 8. Fill Shell meetings.

o 9. Deconflict throughout.
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ordered manner by assigning a number to those concepts which
must be performed in a certain order (Table 3.3). Appendix
B contains the actual lists. Note Table 3.3 varies only in
order form Table 3.2. Capt McFarren combined both concept
Structures at this point, thus taking the next step in

system development.

Rough Concept Map. From the ordered lists, Capt

McFarren had the authors draw and order their individual
ligtg into networks. Appendix B contains the actual net-
works. From these initial concept maps, a rough idea of the
decigion process structure emerges. Figure 3.3 shows a very
complex and interwoven process a scheduler must wade through

to complete a daily sgchedule.

Second-cut of Decigion Procegg. Up to this point, the

interviews were conducted independently to reduce possible
bias. Algo, there was na contact between the authors con-
cerning the concept mapping. From this network, Capt
McFarren and both authors dissected each concept to arrive
at an understandable decision procesgs. It may be noted here
that only two subjects were used in the analysis. Appendix
B containg the iterations of the decigion process.

The major finding was that the whole process was very

database intensive. This database took the form of manual
b: grease board tracking schemes for personnel events,. In

fact, there was a question whether there was any need for a
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CAAAL 1%

L5 DSS becauge there geemed to be no decisiong involved. Fur-

b "

o

y i ther study verified that proper manipulation and presenta-

A

oy tion of the database was crucial to the matching of the

,f‘ inatructors with the students. A DSS does need to include a

b (4.
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X

‘$ good user/machine interface. Furthermore, a DSS should
K

P4

L include good dialogue with the user.

i Concept Map Formulation. The concept map was now

B 2

:f reduced to only the major ideas. Figure 3.4 depicts the
.

(i actual decision but not all the data-related inputs neces-
ﬁ sary to achieve that decision. From this simplified concept
[ X

b

;m map, the users and/or builders may identify the kernels
b

o (later sections expand on this). With the help of Capt
{? McFarren, the authors traced the steps necessary to make a
£}

o

S decision.

k2

“

s

%‘l
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- _ (Student/ Prerequisites
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e Match Ingtructors
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; Figure 3.4. Formulated Concept Map

y

T

R

.:g'

»

i 40

\‘ ’

o

EX)

; OIS P M IE A A WS LD SO OAONONE M0 b OCOO00C ) , 3 O
R R AR NN D O U AR M K S S RN GBI AR AA G NN R R AU



s

il

A
W

) ¥ -
O SO

Task Analysis

For this specific DSS, Capt McFarren analyzed the
inputs obtained from interviewing the authors. Figure 3.5
depicts the task analysis derived in Appendix C. When given

the student grouping/sorting criteria (students must accom-

Instructor Student
Availability Grouping/Sorting
Agaign T
Students
to SHELL |= (»]
Big 3 1
Requests 3 ! ! !
Sims Fill Fill Duty
Every Some Hog
Event Events
— F_']
Match with
— Instructor
Change Matched 1
Instructor « — { Bagsed on Asg'd Inst
Priority Flight Inst
1 Big 3
No Matchable -4——-] Any Inst
Ingtructor No Ingst Needed
4
! List on SHELL > %]
= Update
Deconfliction ~4——————-J
Board
Figure 3.5. Task Analysis
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Vi plish certain eventa) and instructor availability for those

certain events, the scheduler must assign students to the

}&ﬂ Shell and match them with the appropriate instructors. Only
vh
;‘5 when provided with current information may the gschedulers

accurately accomplish the next day's schedule. Note that
o the greage board database provides student grouping/sorting
and instructor availability. Also, since certain student
events are predetermined, their assignment to the shell

i requires little decision on the scheduler’'s part. As such,

3;‘ the primary decision emphasis becomes matching the

KO

s‘té\"

S instructors. The following sections discuss this resulting
ﬂ@ kernel identification.

! ‘2:"

)

$3‘ Because the schedule seldom happens as predicted, the
|‘:, ¢

whole decision process may be interrupted at -any time. Capt

McFarren noted this process of interference in Figure 3.6.

ﬁz The greatest effect this serves is to adjust the databases,

%? depending on the probiem, forcing the scheduler to rematch

ﬁﬁ his student/instructor resources. From a scheduling stand-

%% point, the process in Figure 3.6 is normally where most

v agssignment errors occur due to limited time available to

i§: update the deconfliction/availability grease boards. This

§£ is because interruptions happen near the time the schedule

::_ is due. Because every scheduler has his own technique when

g;i filling in the possible events and handling interruptions,

?& the builders sought a general procedure to map the decision

W
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Schedule T T
No Yes
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Figure 3.5 T
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Figure 3.6. Task Analysis Interruptions

procedgs. The experience of the authors verified the accu-

racy of the decisgsion process as repregented by the task

analysis.

Data Analysgis

This procedure traces actual data throughout the task

analysis to ensaure compliance with the decision process. It

also helps map the data flow to eage construction for DSS
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databases. Appendix D contains the database relations found

in the tracing procedure.

Feature Chart Davelopment

Table 3.4 shows the information the scheduler needs.

TABLE 3.4

) Scheduler Information

-
%o

- o o

A. Tomorrow's schedule.

1. Available students.

2. Available instructors.

3. Priority considerations.
4. Ability to print schedule.

-

PPN R

B. Today's schedule.
1. Ability to update events.

C. Schedule inputs.

PR W

1. Flying sortie lines from wing

2. Simulator lines from wing.

3. Student.

X a. Availability.

2 b. Assigned inatructors.

) 4. Instructor Status.

5. Academic classea and instructors.
6. Duties and meetings.

D. Statistics.

o e

. 1. Time line by class.
2. Time line by individual student.

E. Course changes.

1. Student syllabus.
2. Class additions/deletions.

R R R
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This information is represented by a network hierarchy
(Figure 3.7). Once the builders establish this network,
they may design the storyboard using the feature chart ROMC

tools mentioned previously.

i
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Figure 3.7. Feature Chart Hierarchy

Using the scheduling screen hierarchy depictea in
Figure 3.7, the storyboard focuses purely upon the require-
ments needed by the user. There was no bias toward any com-
mercial software or particular capabilities or limitations.
This process reflected the user’s needs without regard to
any'tochnological restraint. Should a limitation occur
after the builders develop the feature chart, they will mod-
if{y the Dss'to include Qs much as possible within current
commercial software bounds.

The evolution of the system via the feature chart con-
centrates on the overall system and the individual portions.

Each category is important because the builders construct
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the DSS from these features. Each individual storyboard and
its evolution (Appendix F) started from the original story-
board. The initial programming focused on implementation of

the storyboard.

Storyboard

A problem facing the storyboard itself is how to place
all of the necessary information on the screen without clut-
tering the presentation. The easiest way iz to diagram
carefully all of the system componentgs. The builders then
arrange and group these parts in a logical manner according
to the user’'s decision process. The builders then order and
incorporate these parts into thé screen design. Appendix E
depicta the incorporation of the feature chgrt into an
actual screen output format following the feature chart
hierarchy (Figure 3.7). As previously mentioned, the objec-
tive in the gtoryboard wag to create the ideal scheduling
screens - what the scheduler needed to see - without

technological constraints.

Karnel Identification

The concept of a kernel ig a portion of the decisgion
process under consideration. As such, a process may consist
of several kernels. For example, to buy a car there are
several kernels (concepts) involved. The decisions about

what the DM needs or wants, the type of car on the market,
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and the DM's financial status would all be posdgible kernels.
Selection of the kernels uses the concept map and task/data
analyses to identify the main ideas/concepts present in the

decision process.

Determination of the Kernel(a). The concept map shown
in Fidure 3.4 shows the three central portions of the
scheduling decision process:

1) Determination of the available resources

2) Event prerequisites

3) Instructor-to-student matching
The task analysis in Figure 3.5 confirms the three central
concepts of resource availability, student event prerequi-

sites, and instructor-to-student matching.

Key Karnel Selection. Thus, given the three kernels

from which to select, the determination of the key kernel is

only a matter of deciding which of the three is the moat
important ito the uger. The concept map (Figure 3.4) merely

identifies the kernels without bias. A further analysis of
the problem via a task analysais (Figure 3.5) clearly cen-
tralizes the importance of the instructor-to-student match-
ing. The concept map provided the greatest indication in
that the matching is the.only decision kernel in the entire
scheduling process. The other two kernels are only database
references and, while an important portion of the decision
process (as inputs), are less important to the construction

of the DSS. Thus, the key kernel is the instructor-to-
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student matching and became the point to start construction

of the DSS.

Kernel Evaluation

Kernel evaluation may take place in three areas: The
relation of the kernel to its environment, validation of the -
kernel identification, and verification of the key kernel.
The builders must evaluate the DSS in each of these three
areas to confirm they used the correct kernel for DSS con-
struction. Otherwise, the builders may direct their con-

gtruction efforts on peripheral kernels.

Environment. The scheduling environment consists of

the interaction of wing inputs to the squadron, the
squadron’s interaction with its personnel, and completion
and presentation of a finished schedﬁle back to wing. When
congidering which kernel (s) to choose, the entire scheduling
process hinges on the squadron schedulers and the daily
choices they must make. Wing is merely an input source and
the recipient of the final product. Thia essentially places
the decision process at the squadron level. Squadron top
echelons rely on the scheduling shop to build the schedule.
Like wing, the echelons input requests and check the sched-
ule before sending it to wing. This narrows the environment
to the scheduling shop and the individual schedulers who

.y construct the actual schedule and amend it should any

- changes (or additional inputs) occur.
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Kernael Selaction. Builders (both designers and users)

accomplish kernel identification with an understanding of
the scheduling decision process. A8 mentioned in the previ-
ous sections, evaluation success takes the form of the accu-
racy of the process. Also, the concept map and task analy-
sigs are of a generic form, accommodating the particular
gtyles of individual schedulers. Figure 3.4 identifies the

three kernels using the steps in Chapters II and III:

1. Resources (availability) . . . . Database
2. Event prerequisites (events) . . Database
3. Instructor/student matching . . Decision

Key XKernel. Derived from the concept map and task

analysis, selection of the key kernel is valid as well. In
tracing both the task and data analyses, the key kernel of
instructor-to-student matching becomes the focal decision
point. In other words, matching is the primary decigion the
user makes. Thus, matching is the central concept about
which the Scheduiing process revolves. Therefore, with all
three of the kernel evaluation criterig met, consgtruction of
the DSS began. Building focused upoﬁ matching the inastruc-
tors to students placed upon the schedule. From there, the
builders included resource availability and event prerequi-

gsites as the adaptive design/evolution process continued.

Continuing Evaluation. Evaluation must be a continuing

process. Feedback must be gathered on the DSS performance
to modify the system. Users will have complaints about the

DSS. Appendix J details how to evaluate the DSS after it
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has been implemented. Listed below is a.summary of thesge
suggestions (52:161-166).

Event Logging. Users would write in a notebook,
kept next to the DSS, any comments about DSS performance.

Attitude Survey. A questionnaire of multiple-

choice, short statement, or open-ended questions should be

used throughout the DSS implementation and development.

Rating and Weighing. The methodology involves

developing a set of parameters related to the system and
effects being evaluated, weighting these parameters in terms
of relative importance, and having one or more individuals
rate the system on each parameter. Examples of these param-
eters include schedule creation time, number of scheduling
deviations, or percentage of primary‘instructor correctly
asgigned.

Syatem Measurement. This method attempts to quan-

tify effects through measurements of the performance of the
target system, and therefore it is gsimilar to performance
evaluation.

VYalue Analyais. The approach attempts to quantify

subjective value judgments.

Combining Methoda. Because of the variety and

complexity of the potential effects and because there are

problems with all evaluation methods, a combination of meth-

ods will probably result in the begt evaluation.
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:’ Software Selection

]
o

:"

. Once the Holloman schedulers provided the basic frame-
';kf{';

3{ work for the DSS requirements, the authors identified the
o

%@ programming language characteristics. Tablesg 3.5 and 3.6
.f‘\’t

. show the desired features and characteristics of a DSS.
%ﬁ Considering the above features, the authors gelected
tlp.

D)

ﬂ& five integrated software packages for further evaluation:
I A

1. ABILITY (Version 1.0)

y@ 2. LOTUS SYMPHONY (Version 1.2)
e 3. LOTUS 1-2-3 (Version 2.0)

s 4. ENABLE (Version 1.15)

s 5. R:BASE SERIES 5000

‘."‘

oy .

soht

?:: Desirable Language Features

‘o

S ® Integrated database management (probably relational)
b

\

: ® Ugser friendliness to nontechnicians

;{' ® Both procedural and nonprocedural command gtructures
i

%p ®» Interactive on-line utilization

¥

M)

ﬁ& o Support of prototyping and adaptive development

Eﬁ ® Modest training requirements for end users

e

%ﬂ ® Easy debugging and intelligent default assumptions
.".

7 ® Little or no Complex Code (Cobol, Fortran, etc.)
:rj ® Internal documentation generation support
Y.

ﬁ& ® Understandable code for non-developers

L)

g

(11:172)

o
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:ﬁ Integrated software packages are software that contain
)

"‘.‘

i database, gspreadsheet, word processing, graphics, and
ﬁl (ugually) telecommunications programs. Integrated means
A
%: that each of the five capabilities can work together to form
¢
]

o a powerful product. Table 3.6 shows further selection
15, criteria.

:ﬁ
e
B, TABLE 3.6
l."

" Desirable Language Characteristics
R
%
S

gg o Low Cost

a

'; ® Reliability

v

< o Availability
R,

1 o Compatibility
I ® Maintainability

-_f-.

52 . © End user orientation

\
!
ij o Programmer productivity
ir. o Hardware/Software operating environment

.
,:,rv
L0 (11:176-177)
.l‘
. A Table 3.7 depicts the goftware characteristics for each
ij of the five packages under consideration. The authors
o

selected ENABLE for the following reasons: 1) ENABLE comes

B

:y with the Z-248 microprocessgsor so the cost is minimal; 2)
19

?S; ENABLE will be available to the training squadrons at
g

BN 52
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Holloman; 3) The software requires low maintenance (e.g.,

program modificationg/changes) by users and is highly

TABLE 3.7

- o -

Integrated Software Comparisons

L)
0
\ C
3 A 0 F P
5 v M M R R
* A P A I 0
I A I E D
L T N N u

b, A I T D c w
. o] B B E L T I
Py 0 I I N I I N M
‘ S L L A N v D o]
; T 1 I N E I 0 U
. T T o] S T w S
g (s) Y Y E S Y S E
X ABILITY .99 X IBM MED |HIGH MED NO NO

SYMPHONY 6895 X IBM LOW MED |HIGH | 'YES YES

1-2-3 549 X IBM MED MED MED NO YES
) ENABLE * 78 X IBM LOW |{HIGH |HIGH YES YES
i R:BASE 700 X IBM LOW }HIGH |HIGH NO YES
: * Government Price
)
' (15:129)
L)

friendly (does not let the user make mistakes); 4) Enable’'s

help information is exceptional (15:129); and, 5) with pro-

X
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ZJ‘ ductivity in mind, the June 24, 1986 issue of PC Magazine

Fgal

;%3 wrote:

£ The Enable database manager includes strong

:ﬁ relational capabilities and a procedural language,

o and it ranks with zome of the best standalone

ﬁ% programs. It is well designed, easy to use,

s generally quite fast... (15:129).

5 From the above considerations, the authors selected ENABLE
t‘ )

>

pal tor the thesis work. The next step in the process is to

2

fﬁl jdentify and precisely define the problem. Chapter IV shows
e the difference between the planned storyboard and actual DSS
]

,&i that resulted from using ENABLE.

&y
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IV. Flight Scheduling DRSS

This chapter presents the differences between the
planned and actual scheduling DSSs. The authors built the
DSS around the kernel system identified in Chapter III. The
kernel was identified as matching a student with an instruc-
tor. This DSS collects the information necessary to do this
matching and presents the scheduler with lists to select a
student or instructor. The main effort was to build as much
of the actual storyboard as was poggible in the time avail-
able. The DSS differs from the desired storyboard due to
technological limitations and lack of programming time. The

DSS consists of three sections:

1. Menus
2. Spreadsheets
3. Databases

Menux

The authors started programming from the storyboard but
soon realized that the actual program would have to be dif-
ferent. ENABLE could not exactly create each storyboard
screen in every detail, therefore the authors needed to
employ a different representation. Some of the menus in the
storyboard were not used while others were newly created
The following table lists the originally planned menus and

compares them to the current DSS menus. The following sec-
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tions probe any differences between the planned and current

menus with a discussion as to how the discrepancy evolved.

TABLE 4.1

Comparison of Planned and Current DSS Menus

PLANNED CURRENT
DSS MENUS " MENU STATUS
Main Menu Revised
Daily Event Update Pending
Student Time Line Pending
Course Changes Unchanged
Unplanned Personnel Availability List
Unplanned Wing Lines Input Prompt
Unplanned Created Shell Date Prompt
Note: Pending menus indicate the planned DSS menus are
not part of the key kernel system and have not been
created. Unplanned menus are those menus which were
not decision-oriented, but memory aids to prompt the
ugser for various inputs.

Main Meny. The planned main menu (Figure 4.1), differs

from the actual menu (Figure 4.2) employed in the DSS due to
system software limitations. ENABLE's inability to interact
freely between spreadsheets and databases led the authors to
deal only with spreadsheets. Although the original main

menu would have worked as planned, the authors opted to
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TOMORROW'S SCHEDULE
Priorities
Student Avail
Instructor Avail
Print

TODAY'S SCHEDULE
Daily Update

INPUTS
Students

Availability
Assigned Inst
Instructor
Lines
Simulator
Academic
Duties/Meetings

TIME LINE
Class TimeLine
Student TimeLine

COURSE CHANGES
Syllabus Changes
Clasz Changes

QUIT

QEHEOQDH

NWweOe YO EERCrXRXG-D

Figure 4.1. Planned Main Menu

SCHEDULE

INPUTS TIME LINE COURSE CHANGES EXIT

L

=

MORROW CURRENT OTHER QUIT

|

STUDS AVAIL INSTS AVAIL PRINT KEEP QUIT

| J

L

ADD DELETE MOVE QUIT

ST

uD

INST FLT SHELL SIM ACAD DUTIES/MTGS |~

Figure 4.2. Actual Main'Monu Hierarchy
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é? remain within the spreadsheet environment. This allowed

ﬁ* access to the resident macro commands for gimplicity and

‘tl gspeed. The user invokes this menu in the same manner as the
é? planned menu.

ﬁﬁ: Daily Event Update. The daily event update menu, which
- updates the event and prerequisite databases, was not a part
i§ of the key kernel system. A lack of programming time did

BN not permit the building of this menu.

A Student Time Line. The student time line, which

E§ depicts a gstudent’s progress relative to his syllabus event
ﬁ;' flow, was outside the scope of the kernel system. ENABLE's
&ﬁ ability to display student progress graphically is excel-

%% lent. Once a DSSImethod 1s.dcveloped to track student

&% progresé. the display and graphics will asaist the user to

make decisiona. Appendix F shows an example of the graphic
capability using a gset of fictitious studentg and time line
data points.

Course Changes. The planned course changes menu
(Appendix F) remaina unchanged. Although not a part of the

key kernel system, this menu may be integrated into the DSS

:§§ at'a later date, once a database containing prerequisites is
i%? developed.

?& Personnel Availability Ligt. This menu evolved due to
E{ the need to update the personnel availability database for
g% extended (more than one day) periods of time. Critical to
ié‘ the scheduling process itself, this menu allows inputs of

n;O“ LY:]
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personnel leave, DNIF, and TDY events. The scheduler may

S change the status of each event when notified.

il Wing Linesa Input Prompt. This menu, shown in Appendix

g F, prompts the user to insert the wing lines data digkette
RO into the 2-248's B drive. The authors developed the menu
NG because the Z-248 needs the disk in place to automatically
"t process the wing data. Otherwise, personnel are forced to

RN type the data into the system.

it Created Shell Date Prompt. As a follow-on to the wing

I lines input prompt, once the user creates a new shell he

must save it in a date format for use by the kernel system.

if‘ This menu, depicted in Appendix G, prompts the user to input
>

? ;. the shell as a date. 1t then automatically saves this shell
AT :

ﬁﬁ schedule in a kernel-usable file. Each shell schedule’'s

?W file name is the date the DSS uses to retrieve that file.

f *

%g'

:’ v

il Databazes

S

o

ﬁr Because of ENABLE's inability to freely interact

ﬂﬁ between spreadsheets and databa-es, the authors decided to

deal strictly with spreadsheets for simplicity, speed, and
Qﬁ flexibility. As such, the actual DSS 1ncorpordtol databases
‘o into spreadsheets. The following table compares the planned
and current DSS databases.

Student and Instructor Databases. For the reasons men-
tioned above, the DSS included these needed databases into

the Availability spreadsheet (Appendix H).

o 89
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o TABLE 4.2

R Comparison of Planned and Current DSS Databases

o PLANNED DSS CURRENT DSS

ﬁ ' DATABASES DATABASES

. Student Changed to Spreadsheet

3!

% Instructor Changed to Spreadsheet

d.'

nue

ﬁ Syllabus Events Pending

1)

. Inputas/Student/Availability» Pending

4\‘

\2

" Inputs/Student/Assigned

s,

W Instructors# Pending

o,

" Inputs/Instructor# Changed to Spreadsheet

% Inputs/Academic# Changed to Spreadsheet

E; Inputs/Duties-Meetings» Changed to Spreadsheet

“ Course Changes/Syllabus# Pending

. Course Changes/Class» ’ Pending

S: Note: Pending databases indicate the planned databases

) are not part of the key kernel system and have not
been created. Asterisked items (*) are database

r input forms.

4y

" Syllabus Eventz Databaze. A lack of programming time

. did not allow the authors to construct the database. This
database, although not a part of the kernel system, will
e, ensure the student is on the proper scheduled syllabus

Iy event.

. Inputa/Ilnstructor Input Form. Figure 4.3 shows the

K) planned input form for the instructors. Figure 4.4 shows

N 80
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N INPUTS / INSTRUCTOR
R
ﬁﬁj INSTRUCTOR NAME . ADD DELETE
o l .
" STATUS: RED DOT ___ RCO ___ SOF ___
, FLT CDR ___ BIG 3 ___ FCF ___
o " AVAIL: DNIF _ (Y/N)

g ™Y _ (Y/N)
R LEAVE _ (Y/N)

OTHER ________

. DATE _________

\‘Iq

§
§$ DO YOU WISH TO MAKE ANOTHER CHANGE? _ (Y/N)

"

h [F1] - HELP
)

5 Figure 4.3. Planned Instructor Input Form

" LETTER OF X'S AND QUALIFICATIONS
il
X IP WX
MR NAMES RANK CP FLT CAT EXP UIPIP UIPRD FLTLD RDIP RRIP
ALLAG * MAJ IPB A E X X X
, ANDEC MAJ IWC N X
Oy BECKG #+ LTC IPA A E X X X X
o BECKW » CPT IPA A E X X X
e BOHAM » CPT IPC B E X X X
v CASEX » MAJ IPA A E X X X X X
DANIJ » CPT IPC A E X X X
: DAWSYV MAJ IPB C N X
"y DOELJ » CPT IPC A E X X X
g DONAM CPT IPA C N
» FRANG » LTC IPD A E X X X
= FREDJ + CPT IPC B E X X X
FRE1J coL IPD B E T X
o FUSSJ » MAJ IPB A E X X X
N GROSR CPT IPB B E X
“y HELTC » LTC IPA A E X X X X
. HUNSD » CPT IPB A E X X X X X

Figure 4.4. Actual Instructor Database
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the actual input form. The planned database is a question-
and-answer input to a database. 1In contrast, the actual
database ig a listing of all pertinent data for the
scheduler. In the actual presentation, the user deals
directly with the data (rather than automatically when using
the input form) because the spreadsheet formap was used.

Inputas/Academic Input Form. Figure 4.6 merges the
planned academic input form (Figure 4.5) with the

duties/meetings input form. The reason for the integration

ig the change to spreadsheet format (as previously

mentioned).
£34th 17 OCT 86
INPUTS / ACADEMIC

CLASS INSTRUCTOR START TIME END TIME
GsST-87TM Fenno 0800 1300

GOR-88B Heinrichs 0800 1000

GOR~-88B Heinrichs 1400 1600

QUIT

[F1) - HELP

Figure 4.5. Planned Academic Input Form
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SIM TIME STUD INSTR ACADEMICS
_______________ CLASS INSTR START END
OPS SUP STUD TIME INSTR - TOP THREE
SOF AM __ PM__ FCF _____
_____ P __ § __
RCO _____

Figure 4.6. Actual Academic/Dutiegs-Meetinga Input Form

STUDENT

DUTIES: SIMULATORS TIME INSTRUCTOR

DUTY SWINE TIME INSTRUCTOR TIME STUDENT

SOF AM___ PM P S CHANGE TIME ____
RO - T
FCF PRIMARY__ STANDBY_ _
MEETINGS: AIRCREW STUDENT INSTRUCTOR OTHER: ________
START TIME ____ END TIME _____
QUIT
(F1] - HELP

Figure 4.7. Planned Duties-Meetings Input Form
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Figure 4.6 is the actual ‘spreadsheet format used in the DSS.
Neither the planned nor actual formats automate the input

process into the database.

Inputg/Duties-Meetings Input Form. Figure 4.7 above

shows the planned shell to schedule duties and meetings.
The next section compares the planned and current uses

of the spreadsheet portion of ENABLE.

Spreadsheeta

TABLE 4.3

Comparison of Planned and Current DSS Spreadsheets

PLANNED DSS - CURRENT DSS
SPREADSHEETS SPREADSHEETS
Tomorrow’s Schedule Unchanged
Today's Schedule Unchanged
Time Line/Class Pending
Unplanned Availability
Unplanned New Schedule (ZNEWSCH)
Unplanned Temporary Schedule (ZATEMP)
Note: Pending spreadsheets indicate the planned
spreadsheets are not part of the key kernel system
and have not been created. Unplanned spreadsheets
are those spreadsheets which are needed to make the
DSS workings transparent to the user.

Tomorrow's Schedule. As described in Chapter III,

Tomorrow’'s Schedule iz a part of the kernel system. The
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screen pregsentation is currently the same as planned in the
storyboard (see Appendix F). The completed capabilities ot
this schedule are those that are part of the kernel system.

Today’'a Schedule. Today's Schedule (gee Appendix F) is

currently the same as planned in the storyboard. Since
Today's Schedule is a completed form of Tomorrow's Schedule
(see above), the capabilities are the same. The user
updates Today's Schedule when a deviation occurs as a record
of the completed events.

Time Line/Claga. Since student syllabus events are not

a part of the key kernel system, the DSS does not digplay
the class time line. Although ENABLE has a very capable
graphics software package, it cannot generate the graphs
without the data. Preqentations will occur once developers

integrate the syllabus track databage into the DSS.

Instructor Availability. Figure 4.8 shows the actual

spreadsheet database for availability of instructors.

ZNEWSCH. The authors created this unplanned spread-

sheet to house the coding and formulae necessary for con-
structing new schedules from the wing line input disk. The
storyboard did not account for programming cqnsiderations,
only final screen pregentations. Thua, users needed a
method to transfer wing lines data into a usable format.

ZATEMP. This spreadgheet is a temporary completed
ghell created from ZNEWSCH that is awaiting assignment of a

name (date) .
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;5::’ DNIF LEAVE TDY OTHER
:if‘q
S BECKG HUNSD BOHAM DANIJ
- LINNR FREDJ DAWSV
i MINEG GROSR
2:' _:: MAYRL
,iq..'.’ AVAILABILITY |
" IP DNIF LEAVE TDY OTHER AVAIL
R~ NAMES -

S0 ALLAG E 0

e ANDEC 0

s BECKG X 1

BECKJ 0

o BECKW 0

LX)

e BOHAM X 1

v CASEK 0
'Q:‘.{ DANIJ X |

N DAWSV X 1

s DEAUC 0
ey DOELJ 0
W FRANG 0

2 FREDJ X 1

‘::; FREIJ 0

o, GROSR X 1

HELTC 0

Yy HUFFD 0

A HUNSD X 1

Ay KLINS 0

':". . KOKAA 0

00 LINNR X 1

) MARVC 0
Ny MAYRL X 1

o MCGRT )

W MILLS 0

>y MINEG X 1

Wl
At Figure 4.8 Actual Instructor Availability Spreadsheet
9
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E{‘; Chapter V presents the author’'s conclusions and recom-
o mendations. These conclusiong will include findings for the
ot
‘: 5 scheduling DSS and recommendations for adaptive design 1in
sy
::::E: general.
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RO v Conclusions and Recommendationsg
O
i::: . Conclusionsg
el
Wy,
ébi This thesis built a Decision Support System (DSS) using
gl off the shelf software (ENABLE) for use in scheduling at the
.‘)
}ﬁ: 479*"® Tactical Training Wing. The DSS is friendly enough to
N
§L? allow non-technically oriented users to use the DSS without
. learning ENABLE . However, modification of the program will
g
,${ require learning ENABLE. This DSS assists a scheduler in
B
itﬂ the process of matching instructors to students and decon-
}:, flicting their schedules. Furthermore, the DSS reads the
.{f wing scheduling data file and builds a ghell for the duty
=
;f - Aacheduler in two minutes on a Z-248 microprocesgsor. The DSS
g automatically fills in a deconfliction spreadsheet for the
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scheduler. Finally, at the end of the day, this DSS will
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e help crisis management at the squadron level.

;é This chapter has two partgs. The first part is coéclu-
? gions and recommendations for the gquadron DSS. The second
%; section digscusses DSS adaptive design conclusions and

A recommendations.
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